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Abstract
In urine specimens that were collected from pregnant women in a large cohort, 24% contained
more than 10 ng/ml of total bisphenol A (BPA), suggesting external contamination. Therefore, we
conducted an investigation of the source(s) of extraneous BPA in the specimens. We found that
under the conditions used to collect urine specimens in the epidemiologic study, contamination
with BPA occurred, and by two separate mechanisms.
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1. Introduction
Over 65,000 urine specimens were collected from pregnant women in the Norwegian
Mother and Child Cohort Study (MoBa) (Ronningen et al., 2006, Magnus et al., 2006). The
specimens were obtained when the women attended their local clinic for a routine prenatal
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ultrasound examination. Within 4 hours of collection, urine was placed in a tube that
contained a proprietary preservative which contained ethyl paraben, sodium propionate, and
chlorhexidine. To keep the study costs manageable, the urine was shipped by mail at
ambient temperature from the collection points throughout Norway to a central repository in
Oslo, where the urine was frozen before any analyses were done.

Subsequently, while conducting analyses of MoBa urine specimens, where both total and
unconjugated (“free BPA”) were measured, we encountered unexpectedly high
concentrations of total and free BPA (data not shown), suggesting external contamination.
Therefore, we conducted an investigation of the source of free BPA in the specimens. Here
we report the findings from this investigation.

2. Methods
2.1 1st experiment: preservative and shipping effects

The goal of this experiment was to determine whether addition of the preservative and
simulated shipping conditions influenced the concentration of free and conjugated BPA in
urine.

Spot urine specimens were collected from 15 adults, 18 years of age or older, in Oslo, in
2010. Each subject provided urine in a polypropylene collection cup. All materials
employed were of the same type used for the MoBa urine collection. The urine specimens
were placed on ice immediately after collection and aliquoted within 30 minutes. Six
aliquots were taken from each urine specimen. The common elements to the handling of the
six aliquots were: a) placed in an 8 ml Vacutainer urine collection tube (Urinalysis Urine
Tube, BD Diagnostics, Franklin Lakes, NJ), b) the urine was vortexed, and c) using a
filtered-tip polypropylene pipette, 0.93 ml was put in a polypropylene tube and frozen at
−80° C. The handling of the six aliquots varied as follows. The first aliquot was put in a
urine collection tube that contained the preservative (Urinalysis Preservative Plus Urine
Tube, BD Diagnostics), comprising ethyl paraben, 5.6%; sodium propionate, 94%; and
chlorhexidine, 5.6%, applied by the manufacturer as a spray coating to the interior of the
collection tube. The second aliquot was put in a collection tube without the preservative.
The third aliquot was put in a collection tube with the preservative and left at room
temperature for 24 hours before pipetting. The fourth aliquot was put in a collection tube but
without the preservative and left at room temperature for 24 hours before pipetting. The fifth
aliquot was put in a collection tube with the preservative and was left at room temperature
for 24 hours and was gently agitated mechanically for the 24 hour period before pipetting.
The sixth aliquot was put in a collection tube with the preservative and left at room
temperature for 72 hours before pipetting. A new pipette was used for each aliquot.

Thus, in total, the preservative and shipping experiment involved 90 aliquots (15 original
specimens with each treated 6 different ways). All 6 aliquots from each subject were
analyzed sequentially in the same analytical batch. The analyzing laboratory was blinded to
the identity of the samples.

2.2 2nd experiment: field blanks
The main goal of this experiment was to determine whether free BPA contaminated purified
water when the water was handled so as to simulate the collection procedure for the MoBa
urine specimens (field blanks). This experiment, however, was done using Vacutainers that
did not contain the preservative.

At an arbitrarily-selected MoBa data collection center in Stavanger, Chromasolv water (LC-
MS grade, Sigma-Aldrich, St. Louis, Mo.) was heated to 37°C in clean laboratory glassware

Longnecker et al. Page 2

Environ Res. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and covered with aluminum foil. A midwife went to one of three restrooms between
1300-1400 h, and stayed there for 3-5 minutes with the opened collection cup and then filled
it with the heated Chromasolv water. When leaving the restroom, the collection cup cover
was replaced. The specimen remained in the collection cup for 10 minutes before being
placed in the Vacutainer (no preservative). Thereafter, the sample was handled as normal
MoBa urine specimen; it was refrigerated before shipping at ambient temperature to the
biobank by mail at 1500 h, and at the biobank 0.93 was put in a polypropylene tube with a
polypropylene pipette and frozen at −80°C. This procedure was repeated six times.

To create a group of “reference blanks” to compare with the field blanks, six reference
blanks were prepared with Chromasolv water at the biobank in Oslo. Each aliquot of the
water was poured into a clean glass container then transferred using a polypropylene pipette
to a 0.93 polypropylene vial and frozen at −80°C.

2.3 Measurement of BPA
The free (unconjugated) BPA concentration was determined using a high-performance
liquid chromatography–mass spectrometry method (on-line SPE HPLC–MS/MS) (Koch et
al., 2003, Ye et al. 2005), with slight modifications (Koch et al., 2012). The limit of
detection (LOD) was 0.05ng/mL (based on a signal-to-noise ratio of 3) and the limit of
quantification (LOQ) was 0.1 ng/mL (based on a signal-to-noise ratio of 9). BPA is a
ubiquitous contaminant in laboratories and other environments (Ye et al., 2013). With the
on-line methodology, however, the laboratory blank value of BPA was kept below the LOD
of 0.05 ng/mL. The relative SDs for the quality control (QC) samples were 6.5% (Qlow; 2.9
ng/mL) and 3.4% (Qhigh; 11.8 ng/mL) for the within-series imprecision and 5.6% (Qlow)
and 3.4% (Qhigh) for the day-to-day imprecision. The relative recovery from spiked (10 μg
BPA/l) individual urine samples (creatinine content between 0.17 and 2.4 g/L) was 96.8%
(88.5–104%). To ensure data accuracy and precision we included internal QC samples at
two concentration levels, standards, and reagent blanks in each batch of samples. The
concentration of total BPA was determined according to the methodology described above
but was preceded by a hydrolysis step (enzyme, incubation). The relative SDs and recovery
were the same as without initial enzymatic deconjugation.

2.4 Statistical Methods
The concentration of conjugated BPA in each urine specimen was calculated as the
difference between total and free BPA. The distributions of free and conjugated BPA were
skewed, with the long tail to the right. Normalizing transformations were identified as the
natural logarithm for free BPA and as the square root for conjugated BPA, and the statistics
were performed on the transformed values. For the preservative and shipping experiment we
used paired t-tests to evaluate differences between handling procedures (aliquots) and mixed
effects ANOVA to evaluate overall differences among aliquots; for the field blank
experiment we used an unpaired t-test.

3. Results
Preservative and shipping experiment

Among the 15 urine specimens from subjects in Oslo, in the aliquots that were frozen
immediately, without the preservative, the median concentration of total BPA was 2.5 ng/
ml; the median concentration of conjugated BPA was 1.4 ng/ml; and the median percent
conjugated was 54. The median concentration of total BPA was similar to the median value
of 2.7 ng/ml in the U.S. NHANES 2003-2004 (Calafat et al., 2008).
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The concentration of conjugated BPA was similar regardless of hours the specimen was left
at room temperature and whether agitated or not (figure, panel A; and Table 1), and the
results were statistically homogeneous (ANOVA p for difference = 0.78; F=0.49, with 5 and
14 d.f.). For free BPA, however, a striking feature of the results was the nearly monotonic
decrease in concentration across aliquots (figure, panel B; and Table 1). Compared with the
no preservative specimens, the concentration of free BPA in the specimens containing the
preservative was higher both among specimens that were frozen immediately and in the
specimens that had been at room temperature for 24 hours before freezing. Among the
specimens with preservative at 0 and 24 hours before freezing, free BPA was higher at 0
hours. Among the specimens that had been at room temperature for 24 hours and had
preservative added, the concentration of free BPA was lower in the specimens that had been
agitated. Among the specimens with the preservative, the specimens at room temperature for
72 hours had a lower free BPA than the specimens that were frozen after being at room
temperature for 24 hours.

Field blank experiment
The water specimens that were handled as if they were urine specimens being collected for
MoBa in Stavanger had higher free BPA (median 0.6 ng/ml) than in the specimens that were
frozen after minimal handling in Oslo (0.1 ng/ml) (figure, panel C).

4. Discussion
The results suggest that the MoBa study urine specimens could have been contaminated by
two different mechanisms. First, the field blanks experiment showed that about 0.5 ng/ml of
free BPA was introduced into water specimens that were collected like MoBa urine
specimens at an arbitrarily-selected MoBa specimen collection site. Second, the results show
that the urine preservative contained free BPA. The concentration of conjugated BPA,
however, was stable under the conditions studied.

In retrospect, two previous reports based on the analysis of urine specimens that were either
from MoBa subjects (Ye et al. 2009), or of urine samples spiked with free/unconjugated
BPA that contained the same preservative (Hoppin et al. 2006), presented information
suggesting that the preservative influenced the measurements. Free BPA was not measured
in either study. In Ye et al. (2009), the concentrations of total BPA were unusually high
(mean, 4.5 ng/mL). In Hoppin et al. (2006), the concentration of total BPA in specimens
without preservative was not reported, due to “instrumentation problems”. We speculate that
these problems may have been due to some type of carry-over effect of the preservative on
measurements of BPA in specimens that did not contain the preservative, such as was
suggested by the results in the present study (see below).

Some of the results in the present study may have been due to a carry-over effect, with
volatized BPA in one aliquot contaminating the next. For example, the decrease in free BPA
concentration in specimens without preservative from 0 to 24 hours could be an artifact
caused by carry-over increasing the free BPA in the 0 hour specimens. The nearly
monotonic decrease in free BPA across aliquots in the figure (panel B) is consistent with
carry-over. Carry-over, however, cannot explain the higher free BPA in the specimens with
preservative.

In a previous study of the stability of conjugated BPA in 15 urine specimens at room
temperature over several days or longer (Ye et al., 2007), the proportion of total BPA that
was conjugated decreased after 48 hours. In our data, the concentration of conjugated BPA
was stable after up to 72 hours at room temperature. The stability of the conjugated BPA
concentration at 72 hours in our specimens may have been due to the presence of the
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preservative. In studies where both free and conjugated BPA have been measured in native
urine, the percent conjugated is ~95% (Ye et al., 2007, Koch et al., 2012). On a related note,
in the specimens with preservative, we observed a decrease in free BPA after 24 hours at
room temperature, and a further decrease after agitation of the specimen at 24 hours.
Perhaps free BPA was reacting with constituents of urine. If such a decrement in free BPA
occurred in a biomonitoring study conducted under a contaminant-free protocol, it would
likely have a negligible effect on total BPA, due to the small (~5%) contribution of free
BPA to the total.

In our field blanks experiment, the Chromasolv water came in contact with glasswear, and
was open to the air in the laboratory while heating, providing an opportunity for
contamination. Thus, it is possible that the increase in free BPA in the water specimens
handled in Stavanger were contaminated not by the urine collection procedure, but by the
earlier manipulation of the water. Because absorbent underpads used in laboratories have
been identified as a source of contamination of specimens with bisphenol A (Ye et al.,
2013), we checked whether any such materials had been used in the Stavanger laboratory—
none were. Other authors have either directly documented (Markaham et al., 2010,
Vandentorren et al., 2011, Ye et al., 2013) or commented on (Twaddle et al., 2010, Ye et al.,
2011) the susceptibility of urine specimens to contamination by free BPA.

We have shown that under typical conditions used to collect urine specimens in an
epidemiologic study of outpatients, contamination with BPA occurred, and by two separate
mechanisms, one known and one unknown. The known mechanism was via addition of the
preservative; the other was possibly via dust or air in clinics. The effect of the preservative
on the ability to analyze the urine samples is, we believe, new information. If the MoBa
urine specimens are analyzed for total and free BPA, then the difference between the two,
the concentration of conjugated BPA can be used to estimate exposure. Any analytical
chemist who agrees to analyze MoBa urine specimens needs to be made aware of the
potential for contamination of their laboratory with ethyl paraben and related compounds
present in the preservative.
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BPA bisphenol A

LOD limit of detection

LOQ limit of quantitation

MoBa Norwegian Mother and Child Cohort Study

QC quality control

SD standard deviation.
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Figure 1.
A: Concentration of conjugated BPA from Experiment 1. B: Concentration of free BPA
from Experiment 1. C: Concentration of free BPA in Experiment 2. P values for contrasts
indicated by brackets: I, <0.0001; II, 0.003; III, <0.0001; IV, 0.0009; V, 0.0001; and VI,
<0.0001.
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Table 1

Median concentrations of free and conjugated BPA (ng/ml) among specimens in the 6 experiments on
preservation and shipping effects

Aliquot Preservative Agitation Time (hours)
Free
BPA

Conjugated
BPA

1 Y N 0 4.65 1.37

2 N N 0 1.19 1.35

3 Y N 24 0.50 1.15

4 N N 24 0.26 1.36

5 Y Y 24 0.15 1.39

6 Y N 72 0.16 1.19
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